We discuss the relevance of UV data in the detection and characterization of hot massive stars and young stellar populations in galaxies. We show results from recent extensive surveys in M31 and M33 with Hubble Space Telescope (HST) multi-wavelength data including UV filters, which imaged several regions at a linear resolution (projected) of less than half a pc in these galaxies, and from GALEX far-UV and near-UV wide-field, low-resolution imaging of the entire galaxies. Both datasets allow us to study the hierarchical structure of star formation: the youngest stellar groups are the most compact, and are often arranged within broader, sparser structures. The derived recent star-formation rates are rather similar for the two galaxies, when scaled for the respective areas. We show how uncertainties in metallic- ity and type of selective extinction for the internal reddening may affect the results, and how an appropriate complement of UV filters could reduce such uncertainties, and significantly alleviate some parameter degeneracies.
Introduction
Much interest and major observational and theoretical efforts in current astrophysics research are devoted to understanding star formation. How and when did the current baryon/stellar mass form throughout the history of the universe? What are the triggering and regulating factors?
Hot massive stars are fundamental players in galaxy evolution, because of their input to the chemical and dynamical evolution of the interstellar medium (ISM). Through supernova (SN) explosions, they drive stellar feedback on galactic scales. They also produce dust, in their late stages, and modify dust grain properties in their early evolutionary stages, when they emit powerful Ultraviolet (UV) radiation. Because they evolve on very fast time-scales, they are a powerful tool to trace, and to precisely age-date, starformation episodes. Very luminous, they dominate the light of starburst galaxies and can be detected at large distances. Therefore, understanding the formation, evolution, and mass distribution of massive stars is critical for interpreting the integrated light of distant galaxies, for correctly modeling the chemical evolution of galaxies, and ultimately to unravel the history of star formation in the universe, in terms of stellar mass formed and energy balance.
The local universe, and the Local Group of galaxies (LG) in particular, offer an ideal laboratory for resolved stellar population studies, probing a wide variety in galaxy type, mass, gas content, metallicity, environment. Results from such studies can be used to calibrate global star-formation indicators, and population synthesis models for interpreting the light of more distant galaxies.
Rest-frame Ultraviolet data are critical both to unambiguously identify massive stars and to measure their physical parameters. Similarly, they are critical to characterize unresolved young stellar populations, and ISM dust. In this paper we will address one aspect of the role of UV data in the char-acterization of star-forming sites through their hot massive star content. We will restrict our focus to broad-band imaging and photometry of both resolved and unresolved young stellar populations. Such imaging can be afforded for large samples of star-forming sites and entire galaxies; abundant results and rich databases have been recently provided by several instruments. Among them, the Galaxy Evolution Explorer (GALEX) and the Hubble Space Telescope (HST) represent the two most conspicuous sources, from the point of view of our present focus, and two extreme examples as for the trade-off between field of view and spatial resolution. We will limit our discussion to the two nearest spiral galaxies, M31 and M33, where recent UV surveys have been performed or are ongoing. Some discussion on UV imaging of Local Group dwarfs can be found e.g., in Bianchi et al. (2012a and references therein, and Wyder et al. (2009) .
Ultraviolet wavelengths provide other essential diagnostics, through spectroscopy, in particular for estimating hot stars parameters (e.g. Bianchi & Garcia, 2013; Bianchi 2012 and references therein). Currently, however, UV spectroscopy can be afforded for very small samples, given the lack of multi-slit capabilities (if we except GALEX grisms, and grisms in some HST imagers, that do not provide sufficient resolution for detailed line analysis). It is also limited to the brightest massive stars in the Local Group, a mediumresolution UV spectrum requiring a few orbits -long observations with HST for example, at the distance of M31 and M33. Such scant spectroscopic samples are nonetheless of fundamental importance to validate and calibrate the photometric derivation of global parameters, available for large samples, often for entire star-forming sites.
The paper is arranged as follows. In Section 2 we illustrate the role of UV filters in deriving stellar parameters and extinction by interstellar dust, for hot massive stars in particular, using examples from existing HST imagers, and sample results for M31 and M33. In Section 3 we compare results from wide-field GALEX data of the same galaxies. In Appendix A we provide stellar model magnitudes in some representative band-passes discussed in this paper, which may be useful to others for analysis of the abundant GALEX and HST archival data and for planning dedicated UV observations.
HST surveys: the detailed view of star-forming sites
Ever since HST was launched, several observing programs every year have been dedicated to the study of stellar populations in nearby galaxies, and Figure 1 : The importance of UV filters to discern interstellar extinction effects from physical parameters (T eff ) for hot stars. The left plots show broad-band model magnitudes (SEDs) for a range of T eff , and the right plots the SEDs for one value of T eff (24kK, shown in green/grey in the left-side plots), with increasing reddening amounts. Colors of hot stars become progressively saturated in optical bands, and the degeneracy between reddening and T eff more severe. Model magnitudes are shown for HST filters: top row for Bianchi's treasury survey TrImS, which included a FUV filter, second row for PHAT filters. The third row shows a rich complement of several filters (HST's WFC3's UVIS-F218W and UVIS-F225W, in addition to WFPC2 F170W and the 4 optical PHAT filters). Such redundancy could not be afforded so far, due to the demanding exposures, but would be decisive in removing the degeneracy between T eff and the amount, and type, of reddening. Model magnitudes are plotted at the band-pass λ ef f ; λ ef f of classical U, B, V filters are also marked (right panels). especially within the LG, too many to even attempt a representative list or summary of highlights. The resolution of HST cameras of ≤0.1 ′′ /pxl translates into linear scales in the Local Group from ≤0.2 pc in the nearby Phoenix dwarf to ≤0.4 pc at the distance of M31 and M33. One relevant outcome of HST studies is that most sources in ground-based catalogs of LG galaxies turned out to be multiple stars. Very high resolution is necessary for a conclusive census, even for the most luminous, hottest stars, although they are extremely rare (the stellar mass function being skewed towards low masses), because they are usually formed in the dense cores of star-forming clouds, and therefore are found in compact groups. The advantage of HST's 10× better resolution with respect to traditional ground-based telescopes, for LG studies, cannot be overemphasized. On one hand, stellar counts underpin many science results (Initial Stellar Mass Function: IMF, mass estimate of resolved clusters and O-B associations, clustering properties); what's more, magnitudes and colours of a source composed of two or few unresolved stars are misleading for deriving stellar parameters. Even considering surveys with rather bright completeness limits, such as the ground-based Local Group Galaxies Survey (LGGS, Massey et al. 2006 ) and Bianchi's HST program 10079 Hubble Treasury Imaging of Star Forming Regions in the Local Group (TrImS), the fraction of ground-based sources that turned out to be multiple sources in HST imaging range between 50% and 80% (depending on environment) within a sample of six dwarfs (Bianchi et al. 2012a ). The brightness of composite sources is by consequence overestimated, by up to significant extents (see Fig. 3 of Bianchi et al. 2012a) , and their colors meaningless for the derivation of stellar parameters. Yet, such ground-based catalogs are up to now the only available datasets with significant coverage for extended galaxies, and for this reason are widely used for studies of stellar populations or estimates of internal extinction (e.g. Bastian et al. 2009 , Kang et al 2009 , the biases being unavoidable.
For the study of hot stars, HST provides another critical advantage with respect to ground-based data, in addition to the spatial resolution: its access to space UV wavelengths. Optical colors are saturated at the high temperatures of O-and early-B type stars, becoming insensitive to discern the hottest O types: yet the difference in luminosity, ionizing photons, and age-dating diagnostics between an early-and late-O star is huge and such degeneracy limits the results from young stellar populations studies. For example, there is a mass difference >>2 between a T eff =30,000K and a T eff =50,000K star, but their optical colors are undistinguishable with typical photometric errors, while a UV−optical color may differ by over half magnitude (e.g. Bianchi et al. 2012a , see also Table A .1 in appendix). In addition to the saturation of the intrinsic colors in optical filters, the degeneracy between T eff and reddening is more severe for hot stars. As these emit the bulk of their energy in UV, and UV fluxes are also more affected by reddening, the combination of UV and optical colors largely alleviates such degeneracies, and provides more sensitive diagnostics.
Figures 1 and 2 illustrate the role of UV filters discussed above, through the example of stellar model colors computed in filters of HST cameras most used in studies of stellar populations. Our sample plots show a few filters each, for clarity, and also because for practical reasons each program is confined to a limited choice: we include filters from two recent surveys discussed below (TrImS and PHAT, first and second row panels). The figures (top and bottom panels) show that ideally two UV filters shortwards of the U-band can remove the degeneracy between T eff and reddening, and increase sensitivity to identify the hottest stars. This can rarely be afforded due to the demanding exposure times in such filters. The majority of the HST observing programs are focused on optical and IR bands, exploiting HST's high resolution for studying old stellar populations, to unravel the past star-formation history (SFH) of galaxies, a complementary aspect to the topic discussed in this work.
Recent HST surveys of M31 and M33
The TrImS program imaged 67 star-forming regions in M31, M33 and 6 dwarf galaxies in the LG , 2012a , b, 2013b , Hodge et al. 2010 , with 6 filters, far-UV (∼170nm), near-UV (∼255nm), and ≈U, B, V and I bands, for a total of 882 HST images. The band-passes are shown in Figure 2 . This program provided resolved maps of hot stars and extinction in many (in some cases all) of the most conspicuous star-forming (SF) sites in these galaxies, and allowed us to examine their characteristics and the variation of hot massive stars content among them. The 22 regions studied in M31, for example, range from the richest associations OB54 and OB78, having over 600 hot stars in a ∼3
′ -wide HST field (OB 78 extends over two fields, with a total of >1200 hot stars), as well as the highest reddenings among the sample (average E B−V ∼0.45mag), to the outermost regions OB184 and OB157 at almost 22kpc and 21kpc from the galaxy center (S and N respectively), with an average E B−V 0.12mag, i.e. almost entirely foreground, and 138/ 48 hot stars respectively.
Most HST programs have been limited to high-priority fields, given the small field-of-views, which typically encompass the size of an O-B association in LG galaxies. The large multi-cycle Panchromatic Hubble Andromeda Treasury [program] (PHAT) ) is for the first time mapping a contiguous large portion (about one third) of M31, at HST resolution and quality, with a near-UV (F275W), a U-band (F336W), a blue (F475W), an ∼I (F814W), and two IR filters. The mapping proceeds by progressively tiling "bricks" (3 × 6 contiguous HST fields each). At the end of the program, after over 800 orbits spent, we expect an unprecedented catalog of the order of a hundred million M31 stars.
From both programs we have analyzed the broad-band spectral-energy distribution (SED) of each stellar source with model magnitudes (such as those shown in Figure 1 ), and derived E B−V and T eff , as well as radius and luminosity (since the distance to the galaxy is known). Examples can be seen in Figure 3 . From the ensemble of the results, we obtain maps of the measured stars with their physical parameters, as shown in Figure 4 for PHAT's Brick 15, which includes a major portion of a Northern spiral arm and the rich association OB 54. Similar maps are shown by Bianchi et al. (2012b) for all the 22 conspicuous SF regions in M31 from TrImS, by Bianchi et al. (2013a) for five PHAT bricks with complete filter coverage, and by Bianchi et al. (2013b) for 36 star-forming regions in M33.
Spatial Clustering of the Young Populations
The maps rpesented in the previous session show, with the detail of individual-star measurements, the hierarchical nature of the star-formation process, postulated by current theories and by observations of the Milky Way and the Magellanic Clouds (e.g., Elmegreen 2008) . The hottest stars tend to cluster in compact groups, which in turn are arranged often within larger complexes; longer-lived stars (such as B-types) abound in the same areas but are distributed in sparser structures, consistent with the dynamical evolution of unbound O-B associations.
With multi-wavelength photometry we infer individual stellar parameters, and can reliably identify hot stars thanks to the UV colors, therefore we can also quantify their spatial structuring. Bianchi et al. (2012b Bianchi et al. ( , 2013a have applied clustering (near-neighbor) algorithms to define O-B associations, on a range of spatial scales. Stars are deemed associated if they are closer to each other than an adopted "link-distance"; by varying the link distance from 2 ′′ to 6 ′′ for example, we define from compact to sparse associations. We construct in this way samples of O-B associations throughout the imaged areas. An example of associations defined on two different scales is shown in the bottom panel of Figure 5 By extrapolating the hot-star counts with an assumed IMF, we can estimate the stellar mass in each defined association. Figure 6 shows the cumulative distribution of masses for M31 associations, on the left from TrImS (targeting only conspicuous SF sites), and on the right from five PHAT bricks which include a mixture of SF sites as well as sparse areas in between spiral arms. While the coverage of field regions is not yet sufficient to discern an environmental dependence, both samples clearly show that a logarithmic slope with exponent ∼2, as found in most stellar-cluster samples, also represents well the mass spectrum of the young O-B associations. It also shows that, in more detail, the slope depends on the spatial scale on which the structuring has been defined. This effects had been noted first by Hodge (1986) comparing galaxies at different distances. Biases that may affect mass estimates of O-B associations include the fraction of unresolved binaries (causing an underestimate of star counts, hence of the total mass), uncertainties in T eff and therefore in the hot-star selection, due to the metallicity and type of selective extinction being often undetermined, stochasticity (especially severe for small associations), etc. See Bianchi et al. (2012b Bianchi et al. ( , 2013a ) for more discussion.
The global view: GALEX wide-field UV imaging
GALEX (Martin et al. 2005 , Morrissey et al. 2007 , Bianchi 2009 has provided extensive imaging surveys at Ultraviolet wavelengths. Several papers in this publication describe the GALEX data and available databases (e.g., Bianchi et al. 2013; Conti et al. 2013 , Simons et al. 2013 . GALEX observed in two Ultraviolet bands, FUV (λ ef f ∼ 1528Å, 1344-1786Å) and NUV (λ ef f ∼ 2310Å, 1771-2831Å), with a wide field of view (≈1.2
• diameter) at a FUV/NUV spatial resolution of ≈ 4.2/5.3 ′′ (Morrissey e al. 2007) ; the images are sampled with virtual pixels of 1.5 ′′ size. The very wide field of view provided unprecedented overviews of entire large galaxies in the UV, the FUV sensitivity to hot stars (and the low sky background) revealed the presence of hot stars even in sites with extremely low star-formation rates, where star formation was never detected before, and was believed to not be possible based on established relations bewteen gas surface density and star-formation (e.g., Bianchi 2011 and references therein, Marino et al. 2011 , Thilker et al. 2007 ). In particular, a dedicated survey (Nearby Galaxies Survey, NGS, Bianchi et al. 2003 , Gil de Paz et al. 2007 ), imaged hundreds of large nearby galaxies.
Early GALEX imaging of M31 and M33 was first shown by Thilker et al. (2005) . Kang et al. (2009 Kang et al. ( , 2013 used GALEX images to define starforming (SF) sites from FUV-flux contours in M31 and M33. Ages and masses of the SF regions were derived from their integrated FUV and NUV fluxes, compared with population synthesis models, assuming approximately co-eval populations in the defined regions, which trace localized episodes. Figure 5 shows two regions in M31, in GALEX FUV/NUV colors (left panels, resolution of ∼17pc in M31), and the resolved view (with individual stars color-coded by their derived T eff ) from HST. As noted above and elsewhere (e.g. Bianchi 2011 and references therein), FUV imaging provides a clear snapshot of the hot-star content across galaxies, unambiguously revealing their presence, while at optical wavelengths several generations and types of stars contribute to the overall light, and the young populations are harder to discern. We already noted the sensitivity afforded by UV colors for age-dating integrated populations up to a few hundred Myr (e.g., see also Figure 7 of Bianchi 2009, and .
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Figure 4: Map of stars color-coded by T eff for PHAT's Brick 15 in M31. The size of the dots indicates the derived stellar radius. Only the brightest sources with good photometry in all filters including F275W are plotted, a selection which favours the hottest sources. When we remove this restriction, a more diffuse, much more numerous population of cooler stars is seen, reflecting the galactic global structure, but with no compact groups (see Fig.  5 ).
between some structures brighter in NUV (yellowish in the GALEX panels) and overdensities of intermediate-temperature stars (green dots) in the PHAT maps, in spite of some "striping" caused by deeper exposures where HST fields overlap, enhancing the density of cooler (fainter) stars in the PHAT maps. Second-row panels show a dimmer, sparser region, demonstrating the sensitivity of GALEX for detecting emission even from single hot stars. In spite of the low resolution, star-forming regions appear always "clumpy" in GALEX FUV imaging, because of the noted spatial clustering of the young hot stars, whereas these galaxies have a very smooth appearance in optical images due to the diffuse, older populations.
In Figure 7 we show a GALEX FUV/NUV image of M33 (left), and SF regions defined from contours of FUV flux (from Kang et al. 2013) , with a procedure similar to that developed by Kang et al. (2009) for M31. The right panel, and the zoomed-out portion at the bottom, illustrate again the hierarchical structure of star formation, here captured by contours of FUV flux level defined at varying thresholds (see Kang et al. 2009 for extensive discussion). A portion of the regions in the bottom panels is further enlarged in Figure 8 , where the FUV-defined contours are shown again, along with individual stars measured from TrImS (Bianchi et al. 2013b) .
The masses of the SF regions, estimated from GALEX integrated measurements of SF sites, can be added in separate age ranges, to obtain an average star-formation rate (SFR) over these epochs (Kang et al. 2009 (Kang et al. , 2013 . Figure 8 shows such SFR per unit area (assuming disks of 26 and 8kpc for M31 and M33 respectively, corresponding to the extent of the GALEX measurements), for both galaxies. Such estimates have been derived assuming different metallicities, and different cases of reddening type: Figure 9 shows how the uncertainty in metallicity propagates in the derived SFR. Other examples of uncertainties from assumed reddening curves are shown by Bianchi et al. (2011a) . Such uncertainties are to date still conspicuous; they could be greatly reduced with extensive spectroscopic surveys, and by imaging with more extensive UV filter coverage.
Conclusions and Summary
UV−optical studies of star-forming sites in the Local Group provide a census of the hot massive stars (once they emerge from the dust cocoon of their parent giant molecular cloud), and enable the derivation of their physical parameters and reddening. A characterization of young stellar populations ′′ respectively) and the GALEX FUV-defined contours from Kang et al. 2009 (magenta) .
in a variety of environmental conditions is emerging. The aspects addressed here, within the specific scope of this work, are complemented by studies of the stellar cluster systems (e.g., Johnson et al. 2012 , Kang et al. 2012 , Hodge et al. 2010 , to cite only some recent examples in M31: for the young clusters in particular UV data are critical for age-dating -see e.g., Bianchi 2011). Combining these efforts with studies of HII regions (e.g., Hodge et al. 2011) , IR dust emission, and gas, we can build a complete picture and gain a better understanding of galaxy evolution.
The rest-frame UV light of luminous star-forming galaxies such as M31, and of UV-bright star-burst galaxies, dominates the sources that the James Webb Space Telescope (JWST) will see out to red-shift ∼8, and optical surveys see in the range 2 z 4. Progress in understanding the UV properties of the local universe is the stepping stone underpinning the interpretation of large samples of distant luminous galaxies from ongoing and future optical and IR surveys such as the Panoramic Survey Telescope & Rapid Response System (Pan-STARRS), the Sloan Digital Sky Survey (SDSS), and in the future The Large Synoptic Survey Telescope (LSST), and JWST. We have highlighted in this work the role of multi-wavelength data, and UV imaging in particular, towards this goal. We have shown results from recent surveys in M31 and M33, and stressed how the derived physical parameters of the young stellar populations strongly depend on our knowledge of dust properties and their relation to star-formation. A complement of filters such as those that will be available in The Ultraviolet Imaging Telescope (UVIT, to be launched soon on Indian ASTROSAT) including grisms (Kumar et al. 2012) , and The World Space Observatory (WSO) with dedicated UV spectroscopic capabilities (Shustov et al. 2011 ) will enable decisive advances in this field. Figure 7 , with stars from Bianchi et al (2013b) color-coded by T eff , overlaid on the GALEX FUV image, and the GALEX-flux defined contours as in Figure 7 . In the left panel we omit the hottest stars, to show that these are always found in dense stellar regions where slightly cooler stars also abound. The qualitative picture is informative, although values of T eff from this dataset tend to be systematically overestimated for the hot stars, due to problems in the WFPC2 data (discussed extensively by Bianchi et al. 2012a ). 
